Background Schools in many countries undertake programmes for smoking prevention, but systematic reviews have shown mixed evidence of their eff ectiveness. Most peer-led approaches have been classroom-based, and rigorous assessments are scarce. We assessed the eff ectiveness of a peer-led intervention that aimed to prevent smoking uptake in secondary schools.
Introduction
Tobacco use by adolescents is a public-health problem worldwide. The Global Youth Tobacco Survey 1 noted that 17·3% of children aged 13-15 years reported using tobacco products and 8·9% were present smokers, with highest rates of smoking in the Americas (17·5%) and Europe (17·9%). Although tobacco use in adolescence takes time to translate into tobacco-related morbidity and mortality in middle-to-old age, 2 evidence shows that nicotine addiction is established rapidly during adolescence. 3 Additionally, early smoking uptake is related to the number of cigarettes smoked every day in adulthood 4,5 and might also be associated with decreased quit rates in later life. 6 Addressing smoking uptake is of relevance for both developed and developing countries, and the need to expand comprehensive and eff ective tobacco prevention and control programmes is well established. 1, 7 Schools are potentially valuable settings for smoking prevention because of the consistent access to students over several years. Systematic reviews have, however, provided varied evidence of eff ectiveness of school-based programmes for smoking prevention. [8] [9] [10] One review reported little to no evidence of long-term eff ectiveness because only one of the eight randomised controlled trials that were included showed signifi cantly decreased smoking prevalence in the intervention group 6 years after the intervention. 10 As schools continue to expend substantial time and resources on ineff ective interventions, innovative programmes for smoking prevention need to be rigorously assessed and the fi ndings translated into practice. Peer-led approaches have been suggested as one way forward. 11 Whether a young person smokes is strongly associated with their friends' smoking behaviour. 12 Peer pressure is often used to explain this fi nding, 13 although evidence suggests that peer selection, whereby young people choose to associate with like-minded people engaging in similar behaviours, is also a cause. [12] [13] [14] [15] However, peer infl uence can be protective, 16 leading to attempts to harness this eff ect through peer education. 17 Most peer-led health promotion tends to use peers of the same age or slightly older to deliver classroom-based lessons, but a systematic review showed variable evidence of eff ectiveness and a scarcity of assessments that were methodologically sound. 11 Informal contacts between peer educators can be as important as the formal work that they are asked to do, 18 and the adoption of a more formal teacher role in a classroom setting could even undermine credibility with peers. 17, 19, 20 The ASSIST (A Stop Smoking In Schools Trial) intervention was adapted from the "Popular Opinion Leader" initiative 21 for promotion of sexual health. 22 With use of the diff usion of innovation theory, 23 we targeted the ASSIST intervention at students aged 12-13 years (UK Year 8 children) and aimed to spread and sustain new norms of non-smoking behaviour through social networks in schools. 24 
Methods

Study design and participants
In February, 2001, 223 secondary schools in the west of England and southeast Wales were invited to participate in this open cluster-randomised controlled trial. 127 schools expressed an interest in taking part and a health promotion trainer and a trial coordinator visited each one. They explained the peer-led intervention and the randomised trial to a senior member of the school staff . Positive responses were received from 113 schools. 66 schools were selected from these 113 by random sampling, with stratifi cation by country; type of school including independent or state, mixed-sex or single-sex, English-speaking or Welsh-speaking; size of school; and level of entitlement to free school meals. Of these 66 schools, 59 signed an agreement to continue with their usual smoking education and policies for tobacco control, and to be randomised to either the control group of the trial, or the intervention group in which schools would additionally receive the ASSIST intervention. The panel shows the main components of this intervention. Instead of being classroom-based, ASSIST trained infl uential students to act as peer supporters during informal interactions outside the classroom to encourage their peers not to smoke. Peer supporters were trained in a standard way by external trainers, instead of schoolteachers.
We used stratifi ed-block randomisation, with strata defi ned by the same criteria as for the random selection procedure. 25 One investigator (RC) determined the sequence in which the schools were to be allocated using a randomly ordered list of schools for each stratum. To conceal allocation, another investigator (LM) was at a diff erent location and was unaware of which school was the next to be randomised. LM used a random-number generator to establish the group allocation of the next school, which he communicated to RC by telephone.
We obtained written assent to participate in the trial from the students. Data analyses were undertaken according to a prespecifi ed analysis plan that was approved by the independent data monitoring and ethics committee. The Multi-Centre Research Ethics Committee for Wales reviewed the trial protocol and judged it as meeting ethically acceptable standards.
Outcome measures
As a whole-school intervention, the primary outcome was the prevalence of smoking in the past week in the year group of the school. However, evidence from the feasibility study 26 that was undertaken in children aged 12-14 years in six schools in south Wales from • To achieve a 15% critical mass of the year group participating as peer supporters, the 17·5% of students with the most nominations were invited to a recruitment meeting
Recruitment of peer supporters
• Recruitment meeting held with nominees to explain the role of peer supporter, answer questions, and obtain their agreement to attend the training course • Trainers made it clear that students who smoked could only be peer supporters if they were committed to trying to stop smoking • Parental consent for training course participation sought by investigators
Training of peer supporters
• Overall purpose of the training programme was to enable the peer supporters to engage in informal conversations with their peers about the eff ects of smoking and the benefi ts of not smoking • 2-day training event held out of school, facilitated by a team of external trainers who were experienced in youth work, led by health-promotion specialists • The training aimed to: provide information about short-term risks to young people of smoking and the health, environmental, and economic benefi ts of remaining smoke-free; develop communication skills, including verbal and non-verbal communication skills, listening skills, expression of feelings and ideas, group work, team building, cooperation and negotiation, ways of giving and receiving information, and confl ict resolution; and enhance students' personal development, including their confi dence and self-esteem, empathy and sensitivity to others, assertiveness, decision making and prioritising skills, attitudes to risk-taking, and exploration of personal values • Methods used to achieve these aims included participatory learning activities such as role plays, student-led research, small group work and discussion, and games
Intervention period
• 10-week intervention period during which peer supporters undertook informal conversations about smoking with their peers when travelling to and from school, in breaks, at lunchtime, and after school in their free time, and logged a record of these conversations in a simple pro-forma diary • Four follow-up school visits by trainers to meet with peer supporters to provide support, trouble shooting, and monitoring of peer supporters' diaries Acknowledgment of peer supporters' contribution • Presentation of certifi cates to all peer supporters • Presentation of gift vouchers to peer supporters who handed in their diary September, 1996, until May, 1997, suggested that the intervention was especially successful with students who were occasional, experimental, or ex-smokers (ie, those who are at high risk of smoking uptake). Prevalence of smoking in the past week in this high-risk group was therefore included as an additional primary outcome, and was used for calculations of trial sample size.
Procedures
We gathered outcome data at baseline ( ) with a questionnaire that was completed in the classroom, with students required not to confer. At least 2 weeks before every data collection, participating schools posted out letters containing information about the programme to all parents and carers of students who were new to the study, with a reply slip enclosed that was to be returned if they did not wish their child to participate. 25 At every data collection stage, all students in the relevant year group of participating schools were eligible to take part, apart from those who had been withdrawn by their parents or carers. We identifi ed in fl uential students through a nomination questionnaire that was given to all students in both intervention and control schools, with only those in intervention schools invited to train as peer supporters. All participating students were then asked to complete a questionnaire, including a standard set of questions about smoking behaviour that were designed for young people, 27 and to provide a saliva sample, to keep reporting bias to a minimum.
All saliva samples collected at baseline and 1-year follow-up, and those obtained from all students in 12 intervention and 12 control schools at 2-year follow-up (consisting of 39% of the total population), were assayed to measure cotinine concentrations. These 24 schools were purposively selected to ensure that students from a broad range of diff erent types of participating schools were represented. We analysed samples with the ELISA technique. Data from these assays were used to assess the amount of misreporting and not to correct self-reported data.
We undertook a process assessment within the trial 28 to explore teachers' views of the intervention 29 and to examine what the peer supporters did and what they thought of their role. 30 Data about the young people's social networks were also gathered to investigate the distribution of the peer supporters within their year groups and the role of social networks in the dissemination of the intervention by the peer supporters. 31 To estimate the cost of the intervention, we recorded resources used-including staff time, travel time and distance, consumables, accommodation, and vouchers for peer supporters-every week.
Statistical analysis
On the basis of the analysis of the feasibility study 26 and of data gathered in the 1998 Health Behaviour in SchoolAged Children Survey in Wales, 32 we assumed that 30% of students would be in the group at high risk of smoking uptake, of whom 30% were expected to smoke every week at follow-up, with an intracluster correlation coeffi cient of 0·02. With 80% power and a type I error of 0·05, the planned study (33 schools per group) was powered to detect either a 7·5% or 8·5% diff erence dependent on loss to follow-up (10% or 15%, respectively). Only 59 of 66 schools agreed to randomisation, but the average size of the year group was much larger than was anticipated (187 students rather than 115).
We estimated confi dence intervals for smoking prevalence for all students and for those in the high-risk group by design-weighted survey estimators that were implemented in Stata (version 9.2), to account for clustering of students in schools. We obtained estimates of the intervention eff ect at 1-year and 2-year follow-up with random eff ects logistic regression models with school as a random eff ect, and including as covariates the fi ve school-level stratifying variables and smoking behaviour at baseline. These analyses treated the data as a student-level cohort study. Analysis was by intention to treat.
The primary planned analysis was a three-level model with data from the three follow-up periods modelled, with schools at level 3, students at level 2, and repeated follow-up measurements at level 1. This design of repeated measures used a modelling framework to allow the inclusion of individuals with missing measures, thus keeping bias because of loss to follow-up to a minimum. Models were estimated with fi rst-order penalised quasi-likelihood within MLwiN (version 2.02), with the fi ve school-level stratifying variables and smoking behaviour at baseline included as covariates. In four planned subgroup analyses, the model was extended to include interaction terms to test separately for possible diff erential eff ects of the intervention by sex, peer supporter status, deprivation (defi ned by the school having a free school meal entitlement above and below the median), and whether or not the school was located in a community in the south Wales valleys.
This study is registered, number ISRCTN55572965.
Role of the funding source
A representative from the MRC sat on the Trial Steering Group, which approved the study protocol and analysis plan. The sponsor of the study had no involvement in the data analysis, data interpretation, data collection, or writing of the report. RC, LM, JH, and RH had access to all the data in the study and RC and LM had the fi nal responsibility for the decision to submit for publication. Figure 1 shows the trial profi le. Two schools withdrew after randomisation, one from the control and one from the intervention group, because of changes in decisions by school management. These schools were each replaced by one from the same strata in the list of 113 interested schools, and were then randomly allocated to treatment group as a block of size two. Of the 11 043 potentially eligible students in the 59 participating schools, 313 (3%) were withdrawn by their parents or carers before collection of data at baseline. One school in the control group closed after the follow-up undertaken after the intervention, and one school in the intervention group closed after the 1-year follow-up. However, of the 123 students registered at these two schools, 117 transferred to other schools within the trial and were therefore not lost to follow-up. At every data collection point, more than 90% of eligible students provided self-reported data for smoking (fi gure 1). We recorded few diff erences between the characteristics of schools at baseline in both groups, but more students in control schools reported smoking every week than did those in intervention schools (table 1) . However, when we restricted this comparison to students who reported smoking at baseline and who also provided data at 1-year follow-up, this diff erence was smaller (229/4436 [5%] vs 195/4711 [4%]). We noted no diff erences between intervention and control schools in the proportion of students who were occasional, experimental, or ex-smokers and therefore at high risk of regular smoking uptake (table 1) . We recorded very slight diff erences in the family affl uence scores 33, 34 and family ownership of vehicles, suggesting that a slightly larger proportion of students in control schools came from less affl uent backgrounds and did not have a family car than did those in intervention schools (table 1) .
Results
835 (16%) of 5358 students completed the training and agreed to work as peer supporters, achieving the prespecifi ed target of 15% of the year group. Furthermore, peer supporters were generally representative of the year group in terms of sex, ethnic origin, smoking status, and whether or not they intended to remain in full-time education after 16 years of age (data not shown). Very high retention rates were achieved: 99% (835 of 848) of students who trained agreed to continue to work as peer supporters, and 84% (687 of 816) handed in a completed diary at the end of the intervention period.
Overall smoking rate in the whole year group increased from 5·7% (570 of 10 047) at baseline when Figure 1 : Trial profi le *Reasons for schools withdrawing were the time commitment entailed, involvement in other research projects (one school), concerns about parental reaction to covering the issue of smoking in school (one), and concerns about which students were likely to be identifi ed as infl uential (one). Three schools did not give clear reasons for withdrawal at this stage. †Schools were excluded if the year group contained fewer than 60 students (three), if they were a special needs school (two), or if they were already involved in a substantial smoking prevention project (three). ‡Two schools, one intervention and one control, withdrew after randomisation. Each was replaced by a school from the same strata and these two schools were then randomly allocated to treatment group as a block of two. §This fi gure includes students from a control school that was closed subsequent to the follow-up data collection immediately after the intervention who did not transfer to another school in the study. ¶This fi gure includes students from an intervention school that was closed after the 1-year follow-up data were collected, who did not transfer to another school in the study.
the students were aged 12-13 years to 13·8% (1366 of 9909) at 1-year follow-up and 20·3% (1963 of 9666) at 2-year follow-up when the students were aged 14-15 years (table 2) . Smoking prevalence was lower in intervention than in control schools at all three follow-up points, even after adjustment for baseline diff erences (table 3) . At 1-year follow-up, the odds ratio of being a smoker in intervention compared with control group was 0·77 (95% CI 0·59-0·99). At 2-year follow-up, the corresponding odds ratio of 0·85 (0·72-1·01) was not signifi cant (p=0·067; table 3), which suggests an attenuation of this intervention eff ect over time. For the high-risk group, the odds ratios at 1-year follow-up of 0·75 (0·56-0·99) and at 2-year follow-up of 0·85 (0·70-1·02) suggest that, contrary to the fi ndings of the feasibility study, there is no evidence that the intervention had a more benefi cial eff ect on students who were identifi ed as occasional, experimental, or ex-smokers at baseline.
Results from the multilevel modelling (fi gure 2) show a 22% reduction (odds ratio 0·78 [95% CI 0·64-0·96]) in the odds of being a regular smoker in an intervention school compared with a control school, with the 95% CIs not including a null eff ect. Further, results of the planned subgroup analyses provided no evidence of the intervention having a diff erential eff ect according to sex (ratio of odds ratios 0·90 [0·72-1·13]), peer supporter status (0·92 [0·70-1·21]), or deprivation measured by free school meal entitlement (0·99 [0·65-1·51]). However, the intervention does seem to have had a more pronounced eff ect in schools located in south Wales valleys (0·58 [0·36-0·93]; fi gure 2).
Comparison of the self-reported smoking data and concentrations of salivary cotinine shows that only 125 (1%) of 9282 students who reported not smoking had a salivary cotinine concentration greater than 15 ng/mL at 1-year follow-up (table 4). At 2-year follow-up the corresponding proportion was 3% (101 of 3755). We recorded almost no diff erence in proportions between intervention and control schools (table 4).
The average cost of the intervention was GB£27 (95% CI 19-48) per student and £4700 (2408-6786) per school. The trial design involved trainers travelling between Wales and England; however, such distances would be unlikely if the intervention were to be implemented in local areas. The average cost excluding travel was £23 (16-43) per student and £3937 (2221-5511) per school.
Discussion
Our study has shown that the ASSIST training programme was eff ective in achievement of a sustained reduction in uptake of regular smoking in adolescents for 2 years after its delivery. Furthermore, it was well received by both students 30 and school staff . 29 Confi dence in the robustness of this fi nding is enhanced by the very high response rates achieved (over 90% at every data collection point), the retention of all schools for the duration of the trial, the diversity of schools involved, 25 and the concurrence of self-reported smoking data with salivary cotinine measures. The ASSIST study assessed a peer-led intervention for smoking prevention which with its randomised trial design, clear theoretical basis, and detailed process evaluation has addressed many of the methodological weaknesses that were identifi ed in a systematic review of peer-led interventions.
11
Some peer-education interventions have had the greatest eff ect on the target behaviour of the peer educators, 35 fuelling concern that interventions' eff ects might be largely explained by how they aff ect the peer educators themselves. 11 Our analysis showed that the eff ect of the ASSIST intervention was much the same for peer supporters and non-peer supporters. Interventions for health promotion based on diff using new behavioural norms might work best in clearly defi ned, fairly close-knit communities, 36 such as those assumed to exist in the Data are n (%) or n/N (%). *The family affl uence score has been specifi cally designed for use with children aged 11-15 years as part of the WHO's Health Behaviour in Schools Study. 33 It has been shown to have good criterion validity. 34 Higher scores indicate greater affl uence. ex-coalfi eld communities of the Welsh valleys, since peer supporters are in very regular contact with members of a community whose membership is well defi ned and stable. Analysis showed this notion to be true, with a substantially greater eff ect in students from valley schools than in those from other areas. The achieved sample size of 59 schools resulted in estimates of eff ect size that were of borderline signifi cance. The a priori planned primary analysis that used multilevel modelling achieved the best possible statistical effi ciency available, yet in hindsight confi dence in the study fi ndings would have increased if the planned sample size of 66 schools had been maintained. A non-signifi cant diff erence in smoking uptake between the two trial groups was still apparent at 2 years after the intervention but, since we did not obtain further follow-up data, we do not know whether this eff ect was sustained thereafter. Although a recent systematic review of school-based trials for smoking prevention with an average of 6 years of follow-up noted little evidence of long-term eff ectiveness, 10 the trials that were included all used predominantly formal, classroom-based methods. By contrast, the ASSIST intervention sought to use the medium of the informal culture of the school.
Evidence from the process assessments suggests that several elements were crucial to this intervention's success. Asking students rather than school staff to name infl uential students seemed to aid the credibility of the peer supporters with their peer group, thus enhancing 37 have contended that at least 15% of the target group should be trained as peer supporters to maintain a so-called critical mass. ASSIST achieved this percentage and the fi ndings suggest that this proportion is suffi cient.
Use of external trainers rather than teachers to deliver the training programme, and holding the training in venues outside school, were greatly appreciated by students and school staff , and we believe that these methods contributed to the young people having a sense of ownership of the intervention. The nature of the intervention also seemed to be important. By contrast with most school-based initiatives for health promotion, it was not teacher-led. Additionally, unlike most peer-led education interventions, the peer educators themselves were not asked to deliver formal classroom-based sessions. The intervention deliberately sought to exploit informal channels of information exchange and peer infl uence outside the classroom, and included the peer supporters themselves making pragmatic decisions to intervene with the young people whom they identifi ed as potentially susceptible to the non-smoking messages, and whom they could have infl uence over. 30 Furthermore, the intervention was informed by a theoretical approach that was proven to be eff ective when applied in other health-promotion domains (ie, to behaviour other than smoking). 22 If smoking prevention succeeds, nearly all the morbidity associated with smoking is avoided. Smoking cessation in adulthood is highly socially patterned, with more people of middle socioeconomic status than of lower socioeconomic status succeeding in quitting. 38 Therefore, increasing resources to prevention in adolescence rather than entirely focusing on cessation could help to avoid further widening health inequalities.
Although systematic reviews have shown mixed evidence that school-based approaches for smoking prevention are eff ective, [8] [9] [10] the results presented here, combined with those of a community intervention trial of a school-based programme for smoking prevention based in six European countries (ESFA), 39 suggest that abandoning interventions for smoking prevention in schools would be premature. Since schools in many countries are required to include activities for smoking prevention as part of their curriculum, the issue is not whether this work should be done but rather how it can be done most eff ectively. The ASSIST intervention seems to be eff ective, and if implemented on a UK-wide basis could potentially reduce the number of 14-15-year-old school students 40 taking up regular smoking by 43 289 (95% CI 18 386-68 192) (on the basis of the absolute risk diff erence in ASSIST at 2-year follow-up). Furthermore, the ASSIST trial implemented the intervention with only one year group in every school. If the programme was repeated every year with successive year groups, it would probably have an eff ect on the cultural norms surrounding smoking behaviour in the whole school, magnifying the eff ect of the intervention.
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